Packing diagram for A, showing C-HÁ Á ÁO, C-FÁ Á Á,and HÁ Á ÁBr interactions [symmetry codes: (i) Àx, Ày + 1, Àz + 1; (ii) Àx, Ày + 2, Àz; (iii) Àx + 1, Ày + 1, Àz + 1; (iv) Àx, Ày + 1, Àz]. Cg3 is the centroid of the C10-C15 ring.
Two thiochromene compounds containing Br and F atoms, namely 2-(2-bromo-5-fluorophenyl)-8-ethoxy-3-nitro-2H-thiochromene (C 17 H 13 BrFNO 3 S, A) and 2-(2-bromo-5-fluorophenyl)-7-methoxy-3-nitro-2H-thiochromene (C 16 H 11 BrF-NO 3 S, B), were prepared via the condensation reaction between 2-mercaptobenzaldehyde and nitrostyrene derivatives. In both compounds, the thiochromene plane is almost perpendicular to the phenyl ring. In the structure of A, molecules are assembled viastacking and C-HÁ Á ÁO and C-FÁ Á Á interactions. In the crystal packing of B, molecules are linked by C-HÁ Á ÁF, C-HÁ Á ÁO, C-HÁ Á Á andinteractions.
1. Chemical context are heterocyclic compounds found in many natural plants. This class of molecules shows a wide variety of biological activities, such as anticancer, anti-inflammation and anti-HIV (Horton et al., 2003) . Recently, we have shown that 3-nitro-2H-chromene can act as a selective mTOR/Pi3K inhibitor, which can lead to a new compound to treat breast cancer (Fouqué et al., 2015) . Interestingly, we observed that thiochromene derivatives, where the O atom is replaced by an S atom, can increase significantly the biological activity of these compounds. With the goal in mind to synthesize a chemical library of thiochromene compounds (Nguyen et al., 2016) , we have now successfully prepared 2-(2-bromo-5-fluorophenyl)-8-ethoxy-3-nitro-2Hthiochromene (A) and 2-(2-bromo-5-fluorophenyl)-7-methoxy-3-nitro-2H-thiochromene (B). Crystal structure determination can help to understand the role of halogenated substituents in the biological activity of these compounds.
Structural commentary
Compound (A) crystallizes in the triclinic space group P1, while compound (B) crystallizes in the space group P2 1 /c, both with one molecule in the asymmetric unit (Figs. 1 and 2). In both compounds, the conformation of the thiochromene ring ISSN 2056-9890 is similar. In A, the thiochromene ring makes an angle of 89.3 (2) with phenyl ring C1-C6, while in B, this angle is 86.94 (8) , which indicates that the 2-bromo-5-fluorophenyl ring is roughly perpendicular to the thiochromene plane. Both 2H-thiopyran rings have a screw-boat conformation, with atom C7 having the largest deviation from the best plane through atoms S1/C7-C11 [puckering parameters Q = 0.388 (4) Å , = 119.6 (7) and ' = 202.2 (9) Table 1 Hydrogen-bond geometry (Å , ) for A.
C9-H9Á Á ÁO2 i 0.93 2.50 3.419 (7) 168
Symmetry code: (i) Àx; Ày þ 1; Àz. Table 2 Hydrogen-bond geometry (Å , ) for B.
Cg3 is the centroid of the C10-C15 ring. (ii) Àx þ 2; Ày þ 1; Àz þ 2; (iii) Àx þ 1; Ày þ 1; Àz þ 2.
Figure 1
The molecular structure of 2-(2-bromo-5-fluorophenyl)-8-ethoxy-3-nitro-2H-thiochromene (A), showing the atom labeling. Displacement ellipsoids are drawn at the 50% probability level.
Figure 2
The molecular structure of 2-(2-bromo-5-fluorophenyl)-7-methoxy-3nitro-2H-thiochromene (B), showing the atom labeling. Displacement ellipsoids are drawn at the 50% probability level.
Figure 3
0.5111 (18) Å , = 118.2 (2) and ' = 208.1 (3) for B]. The C-S bond lengths are almost equal [C7-S1 = 1.828 (4) Å and C11-S1 = 1.8307 (19) Å for A, and 1.758 (5) and 1.7574 (19) Å for B, respectively]. The C11-S1-C7 bond angle is 102.5 (2) in A and 100.47 ( Packing diagram for B, showing C-HÁ Á ÁO, C-HÁ Á ÁF, C-HÁ Á Á andinteractions [symmetry codes: (i) x, Ày + 1 2 , z À 1 2 ; (ii) Àx + 2, Ày + 1, Àz + 2; (iii) Àx + 1, y À 1 2 , Àz + 3 2 ; (iv) Àx + 1, Ày + 1, Àz + 1]. Cg2 and Cg3 are the centroids of the C1-C6 and C10-C15 rings, respectively. 
Supramolecular features
In the crystal of A, molecules form inversion dimers via C-HÁ Á ÁO hydrogen bonds (Table 1 and Fig. 3 ) andinteractions [Cg3Á Á ÁCg3 i = 3.646 (3) Å ; symmetry code: (i) Àx, Ày + 2, Àz; Cg3 is the centroid of the C10-C15 ring]. Neighbouring dimers interact through C-FÁ Á Á and short Br1Á Á ÁH5 ii interactions [F4Á Á ÁCg3 ii = 3.328 (4) Å and Br1Á Á ÁH5 iii = 2.96 Å ; symmetry codes: (ii) Àx, Ày + 1, Àz + 1;
In the crystal of compound B, two molecules form dimers through C-HÁ Á ÁF hydrogen bonds (Table 2 and Fig. 4 ). These dimers form chains running in the c direction throughinteractions [Cg2Á Á ÁCg2 i = 3.8458 (13) Å ; symmetry code: (i) Àx + 2, Ày + 1, Àz + 1; Cg2 is the centroid of the C1-C6 ring]. Parallel chains interact via C-HÁ Á ÁO and C-HÁ Á Á interactions.
Database survey
The Cambridge Structural Database (CSD, Version 5.40, update of May 2019; Groom et al., 2016) contains seven phenyl-2H-thiochromene derivatives, of which three contain halogen atoms [CSD refcodes IFOZIO (Choudhury & Mukherjee, 2013) , QAPSAE (Simlandy & Mukherjee, 2017) and WAPCUO (Sangeetha & Sekar, 2017) ] and only one structure contains a nitro substituent on the 2H-thiochromene ring (NOGDIZ; Le et al., 2019) . In all seven structures, the phenyl ring is roughly perpendicular to the thiochromene plane, with dihedral angles between 87.73 and 98.89 . Four of the seven structures display intermolecular interactions between the S atom and a C-H bond. However, in the two structures presented here, this type of interaction has not been observed.
Synthesis and crystallization
To a round-bottomed flask was added 2-mercaptobenzaldehyde (1 equiv.), nitrostyrene (1 equiv.) and K 2 CO 3 (1 equiv.) in toluene and the reaction mixture was stirred at room temperature for 2 h. After completion of the reaction, the solvent was evaporated under reduced pressure and the crude product was purified by flash chromatography on silica gel (yield 90%). Crystals suitable for single-crystal X-ray diffraction data collection were obtained by slow evaporation from an ethanol solution.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . All H atoms bonded to C atoms were placed at calculated positions, with C-H = 0.93-0.98 Å , and refined as riding, with U iso (H) = 1.2U eq (C) for Csp 2 -H and U iso (H) = 1.5U eq (C) for Csp 3 -H. A rotating-group model was applied for methyl-group C17 in A and C16 in B. For both structures, data collection: APEX2 (Bruker, 2013) ; cell refinement: SAINT (Bruker, 2013) ; data reduction:
SAINT (Bruker, 2013) ; program(s) used to solve structure: SHELXT (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b); molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ).
2-(2-Bromo-5-fluorophenyl)-8-ethoxy-3-nitro-2H-thiochromene (A)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br1 0.78831 (7) 0.45042 (7) 0.29672 (6) 0.0676 (2) S1 0.34737 (16) 
Geometric parameters (Å, º)
Br1-C1 1.901 (4) C10-C11 1.400 (7) S1-C7 1.828 (4) C10-C15 1.403 (7) S1-C11 1.758 (5) C11-C12 1.379 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br1 0.57090 (3) 0.36398 (2) 0.38157 (2) 0.04708 (9) S1 0.52686 (6) 0.0260 (9) 0.0271 (9) 0.0274 (9) 0.0028 (7) 0.0091 (7) 0.0009 (7) C1 0.0301 (9) 0.0346 (10) 0.0264 (9) 0.0027 (8) 0.0068 (7) −0.0023 (8) C8 0.0278 (9) 0.0244 (9) 0.0371 (10) −0.0008 (7) 0.0044 (8) 0.0026 (8) C7 0.0290 (9) 0.0277 (9) 0.0287 (9) 0.0002 (8) 0.0059 (7) −0.0012 (7) C11 0.0319 (10) 0.0275 (9) 0.0250 (9) −0.0046 (7) 0.0046 (7) 0.0031 (7) C12 0.0302 (9) 0.0353 (10) 0.0291 (9) −0.0052 (8) 0.0032 (8) 0.0031 (8) C10
0.0339 (10) 0.0275 (9) 0.0281 (9) −0.0027 (8) 0.0019 (8) 0.0059 (7) C5 0.0326 (10) 0.0312 (10) 0.0257 (9) 0.0012 (8) 0.0070 (7) −0.0004 (8) C2 0.0422 (11) 0.0393 (11) 0.0309 (10) 0.0086 (9) 0.0099 (9) 0.0083 (9) C9 0.0318 (10) 0.0301 (10) 0.0341 ( 
